Rodents are important intermediate and paratenic hosts for carnivore parasites, including the important zoonotic agents Toxoplasma, Echinococcus and Toxocara. Monitoring of such parasites in rodents can be used to detect increasing risks for human and veterinary public health. Rodents were trapped at four sites in Berlin, two near the city center, two at the periphery. PCRs were conducted to detect Coccidia (target ITS-1) and specifically Toxoplasma gondii (repetitive element) in brain and ascarids (ITS-2) in muscle or brain tissue. During necropsies, metacestodes were collected and identified using ITS-2 and 12S rRNA PCRs. An ELISA to detect antibodies against Toxocara canis ES antigens was performed. Within the 257 examined rodents, the most frequently observed parasite was Frenkelia glareoli predominantly found in Myodes glareolus. T. gondii was only detected in 12 rodents and Microtus spp. (although strongly underrepresented) had a significantly increased chance of being positive. Neither Echinococcus nor typical Taenia parasites of dogs and cats were found but Mesocestoides litteratus and Taenia martis metacestodes were identified which can cause severe peritoneal or ocular cysticercosis in dogs, primates and humans. Using PCR, the ascarids T. canis (n = 8), Toxocara cati (4) and Parascaris sp. (1) were detected predominantly in muscles. Seroprevalence of T. canis was 14.2% and ELISA was thus more sensitive than PCR to detect infection with this parasite. Non-parametric multidimensional scaling and cluster analysis revealed that parasite communities could be grouped into an urban and a peri-urban cluster with high frequency of ascarid-positive rodents in urban and high frequency of F. glareoli in peri-urban sites. Prevalence rates of parasites in rodents with potential impact for human or veterinary public health are considerable and the monitoring of transmission cycles of carnivore parasites in intermediate rodent hosts is recommended to estimate the health risks arising from wild and domesticated carnivores.
Introduction
In many urban environments, the density of carnivores has dramatically increased in the last decades. In central Europe, this is not only due to increased numbers of domesticated cats and dogs, but also a result of establishment of urban and peri-urban populations of red foxes (Vulpes vulpes) and neozoic racoons (Procyon lotor) which often considerably exceed that in rural or natural habitats [1] . In addition, racoon dogs (Nyctereutes procyonoides) are another neozoan species that has rapidly expanded its geographical range and shares many parasites it with other carnivores [2] . Populations of many species of birds of prey such as common buzzards (Buteo buteo) and falcons (Falco peregrinus and Falco tinnunculus) have also at least partially recovered and several species no longer avoid the vicinity of humans or villages. This allows increased predator-prey interaction and increases the transmission of pathogens between predators and their prey, which are predominantly small rodents and birds. High population densities of carnivores, in particular of foxes and racoons, surely pose increased health risks not only for companion animals but also for humans since important parasites of carnivores such as Toxoplasma gondii, Toxocara spp. and Echinococcus multilocularis are also highly relevant zoonoses [3] .
Small rodents are reservoirs for many bacterial and viral pathogens that affect humans and companion animals [4] . Among the most important to mention are presumably several species of Rickettsia, Borrelia, Leptospira and Bartonella. Rodents are also considered to be important paratenic and intermediate hosts of protozoan and helminth parasites affecting cats, dogs and wild carnivores as recently elaborated by Duscher et al. [3] (see in particular Fig 1 in Duscher et al.) . Prevalences of parasites with obligate intermediate hosts can be considered to be particularly high in ecosystems with intact and close predator/prey relationships. However, stray as well as pet dogs and cats do often feed on wild rodents and this bears the risk that transmission of such parasites spills over from a sylvatic into a domestic or even synanthropic cycle and that incidences in humans increase [3] . For parasites with facultative intermediate or paratenic hosts, domestic/synanthropic cycles can establish more easily but rodent populations can also amplify transmission of these pathogens. In addition to rodent density, other ecological factors such as species richness and species composition can have strong effects on rodent impact on human and animal health [5] . This is further complicated by the fact that rodent communities are strongly influenced by human activities and that with increasing urbanization the species richness decreases and a few generalist species dominate [5] . Since rodent species differ in their permissibility for different parasites, such changes in host diversity can of course be expected to shift parasite diversity and abundance as well.
Important parasites transmitted between small rodents and carnivores include three main groups of parasites: (i) the Coccidia such as T. gondii, Neospora caninum and several species of the genera Cystoisospora, Hammondia and Sarcocystis; (ii) the Cestoda comprising species of the genera Echinococcus, Taenia and Mesocestoides; (iii) the Ascarida predominantly represented by Toxocara canis and Toxocara cati. From a clinical point of view, most of these pathogens cause only benign to moderate signs of pathology in cats and dogs with N. caninum and Toxocara spp. as the most pathogenic infections for the definitive hosts. Many of the infections are predominantly found in young puppies and kittens, but particularly the cestode species and Sarcocystis spp. are frequently also found in adult pets. However, in recent years more attention has also been attributed to Toxocara infections in older animals, which have apparently been underestimated for a long time [6] . Since in particular T. gondii, Echinococcus spp. and Toxocara spp. are important zoonotic agents, the role of small rodents in the epidemiology of these pathogens is also of importance for human medicine in a modern One-Health concept. Echinococcosis is listed by the WHO among the neglected tropical diseases and conceptualization of the study and supported the study by facilitating the financial support through Bayer Animal Health. He did not have any influence on the conduct of the study, the data collection and analysis and the decision to publish. The specific roles of these authors are articulated in the 'author contributions' section.
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Toxocarosis as well as Toxoplasmosis are considered to be important neglected diseases of poverty in both, the USA and Europe [7] [8] [9] . Among the most dramatic consequences these parasitoses may have on humans are severe neurological disorders including (meningo-) encephalitis, epilepsy, stroke and dementia [10] [11] [12] as well as ocular complications [13, 14] . Toxocarosis and Toxoplasmosis have also been reported to significantly change the behavioral pattern of rodents shifting the balance of risk/fear behavior [15] [16] [17] [18] . They also lead to decreased performance in several cognitive tests in humans [18] [19] [20] [21] [22] . Apparently, the impact of the chronic form of these diseases on human health has been underestimated in the past.
Overall, our current knowledge regarding prevalence of these pathogens in small rodents is relatively sparse. Particularly in urban and peri-urban biotopes, where numbers of domestic dogs and cats can be quite high, relevant data are still scarce. It was therefore aimed to compare urban and peri-urban sites in Berlin for the presence of parasites known to be transmitted −8 and were omitted from the figure due to the fact that the parasite was not found in any of these animals and the resulting very wide confidence intervals. (B) Distribution of dry eye lens weights, as an indirect indicator for age, in M. glareolus with and without F. glareoli infection. Only animals trapped in 2011 were considered since eye lens weights were not determined in 2010. Individual points representing means of two eye lenses are shown together with means ± SD for all animals in the group. *, p < 0.05 in a Mann-Whitney U test. (C, D). Odds ratios with 95% confidence intervals for the probability to detect Toxoplasma gondii DNA in the brain by PCR are illustrated. The model in (C) considered only the rodent genus, the model in (D) genus and study location. Myodes is not shown since T. gondii was not found in these rodents. The odds ratios for Myodes spp. was 7.0×10 between carnivores and rodents. The study focused on parasites with importance for human, feline or canine health and included coccidian, ascarid and cestode parasites.
Materials and methods

Ethics statement
All animal experiments were in accordance with the German Animal Protection Act ("Tierschutzgesetz") and the European Union directive 2010/63/EU and were approved by the Landesamt für Gesundheit und Soziales (LAGeSo) Berlin under the registration number G 0256/10. A permission to trap and euthanize protected rodents (Apodemus sylvaticus, Apodemus flavicollis and Apodemus agrarius) was granted by the Senatsverwaltung für Stadtentwicklung Berlin according to §45 no. 3 "Bundesnaturschutzgesetz" under the reference number I E 210(V)-OA-SG / LSG2a/602; OA-AS/G/825.
Capture of wild rodents
Rodents were caught in live traps at four different sites in Berlin in November 2010 and from April to November 2011. Two of the sites (forests in Tegel, GPS coordinates 52.605857, 13.271460, and on a military area in Gatow, GPS coordinates 52.469455, 13.140998) were located in the periphery of the city (peri-urban) whereas the other two sites (park in Steglitz, GPS coordinates 52.453881, 13.302522, and garden/backyard in Moabit, GPS coordinates 52.521426, 13.359520) were directly in the city (urban). At every site, traps were placed every six weeks for three consecutive nights (Monday to Thursday). Sites were visited in blocks with one site per week, i.e. starting in 2010 in Tegel, followed by Moabit and Steglitz. In 2011 the first sampling was performed in Gatow, followed by Tegel, Moabit and Steglitz. Between the four weeks of trapping in each block, trapping was interrupted for 2 weeks. In total, each site was visited 6 times in 2011 with the exception of Gatow which was visited 7 times. At every site, 30 Longworth Traps (NHBS, Devon, UK) and 10 traps for rats filled with cotton pads, rodent pellets and pieces of apples were distributed over the area. In July 2011, the number of Longworth Traps was increased to 50 in Gatow, Tegel and 40 in Steglitz to increase the number of trapped rodents. In Moabit the space was too limited to increase the number of traps. Traps were activated in the evening and controlled in the morning but were inactive during daytime. If rodents were found in the traps in the morning, they were anaesthetized using 0.1 mg/g Ketamin and 0.012 mg/g Xylazin intraperitoneal (i.p.) followed by cervical dislocation and cardiac bleeding into serum tubes (Sarstedt). Animals were kept on heat packs to preserve body temperature (to improve recovery of parasites) and transferred to the Institute for Parasitology and Tropical Veterinary Medicine for necropsies. Some animals (n = 16, all A. agrarius in Steglitz) had to be released after capturing because it was not possible to perform more than eight necropsies per day.
Study sites
The military area in Gatow was characterized by a small wood area comprised of broad-leafed trees and conifers. Adjacent to the woods, traps were also placed in grassland with high vegetation. The area was only rarely entered by humans and vegetation was barely disturbed by human influences in the last years.
The study site in the forest of Tegel was close to the forestry office. Traps were placed on the area around the office building and in the adjacent forest. They were placed in deciduous forest and shrubs on both sides of a small road (approximately 100 m) predominantly used by bicyclers and pedestrians.
The site in Steglitz was located within a large park area in a residential area. The park can only be entered through two entrances and is surrounded by a fence. There is no access for dogs to this area (prohibited and controlled at the entrance gates). The particular study site in the park consisted of an area with broad-leafed trees and dense underbrush adjacent to a lawn. The majority of the ground was covered with ivy. The whole area was watered frequently. In the vicinity, there were a few greenhouses that were used for cultivating a variety of plants for subsequent planting in the park.
The trapping site in Moabit was within a very urbanized area immediately between several apartment blocks. There were also additional gardens and backyards adjacent to the study site that could not be used to place traps. Within the study site, there was a lawn, which was surrounded by flowerbeds of different vertical levels and ivy. A compost heap, housing some rats, was removed some weeks before the study period.
Necropsies
After collecting all visible ectoparasites under a stereo microscope (for another study), a complete necropsy was conducted. Rodents were sexed and depending on the juvenile vs. adult fur, size and habitus as well as sign of sexual activity classified as juveniles, subadults or adult, with subadults as full-grown individuals without the following signs of sexual activity. Males with descended testicles [23] or females with embryos or scars in the uterus or showing lactation were always considered adult. With regard to the study presented here, one complete hind leg and the brain were removed and immediately frozen at -80˚C. In a few cases, metacestodes (tetrathyridia, taeniid or other cestode larvae) were identified in the body cavity, removed and stored in 80% ethanol until isolation of DNA. Livers and lungs were inspected for any signs of potential infections with E. multilocularis. Suspicious tissue sites were extracted and stored in ethanol (80%).
In uncertain cases, especially for Microtus spp., species determination of rodents was confirmed according to teeth morphology [24] . For the estimation of rodent age, the mean dry weight of both eye lenses was used. According to the recommended procedure in Morris [25] , eyes were removed and fixed in 10% formalin for one week. Subsequently, lenses were removed, cleaned and dried at 80˚C for 48 h. Then, both lenses were immediately weighted using an analytical balance (Discovery DV215CDM, Ohaus with a readability of 0.01 mg and a repeatability of 0.02 mg). Morphologic species determination of larval cestodes was performed under a microscope with up to 1000× magnification following the differentiation guides according to Ryzhikov et al. [26] and Schmidt [27] .
Serological analyses
Blood samples of captured rodents in serum tubes were centrifuged at 10000×g for 5 min to obtain serum supernatants. Serum samples were analyzed by ELISA regarding presence of antibodies against T. canis as described previously [28] The ELISA for the detection of antibodies against T. canis uses excretory-secretory (ES) antigen and showed no cross reactivity with other ascarid species [29] . Parasite free laboratory mice and laboratory mice experimentally infected with T. canis were used to provide negative and positive control sera, respectively.
DNA extraction
DNA was extracted from 30 mg of the musculus rectus femoris, a cross section of the brain, pieces of liver tissue suspected of being affected by alveolar echinococcosis or free metacestodes using the 
PCR detection of pathogens
PCRs were adapted using published primer sequences [30] [31] [32] [33] [34] [35] [36] . All PCRs for detection of pathogens were performed by running a no-template (negative) and a positive control, containing a defined number of plasmid molecules (10-40 depending on the PCR) with the target sequence as insert in parallel. PCR reactions contained 0.2 mM dNTPs, 0.3 μM of each primer, 0.4 U Phusion Hot Start II High-Fidelity DNA polymerase (Thermo Scientific) and 100 ng template DNA in 20 μl 1×HF buffer. After denaturation at 98˚C for 30 s, a target-specific number of PCR cycles was conducted. Cycles consisted of denaturation at 98˚C for 10 s, annealing at a target-specific annealing temperature and time followed by elongation at 72˚C for a specific duration. S1 Table provides information regarding primer sequences, annealing temperatures, target genes, fragment sizes and number of PCR cycles conducted. DNA from pieces of liver tissue suspected to be affected by alveolar echinococcosis were further analyzed at the Institute of Parasitology, University of Zürich, Switzerland) by a E. multilocularis-specific PCR as described by Stieger et al. [37] .
PCR products were analyzed on agarose gels run in parallel to gene ruler size markers (Thermo Scientific). Positive samples were subjected to sequencing at either GATC Biotech (Koblenz) or LGC Genomics (Berlin). Sequences were compared to previously deposited entries in NCBI GenBank using Blastn software [38] .
Statistical analyses
Prevalence rates and 95% confidence intervals (CI) as Wilson score intervals were calculated with the propCI function in the R package "prevalence". Pairwise differences in prevalence between various species or between individual sites were analyzed using the mid-P exact test [39] as implemented in the R package epitools.
Logistic regression analysis was performed using the "glm" function in R to estimate the influence of factorial variables rodent species or genus, study location, sex and age class (juvenile vs. adult). An interaction between sex and age class was also considered. Significance of individual levels of a factorial variable was determined via the t test statistic implemented in "glm". The Akaike information criterion (AIC) was used to compare models and the "drop1" function in R was further used to identify variables that could be excluded from models. In addition, likelihood ratio tests (LRTs) were used to compare nested models (e.g. a model including only the variable species with a model containing the variables species and location). This test was also used for comparison of models with the null model (only intercept) and the fully parameterized model. For models with more than one variable (and variables with more than two levels) Wald tests were conducted to identify whether there was an overall significant influence of the variables. For categorical variables with only two levels, the results of the Wald test and the t test already implemented in the "glm" function are identical. In order to identify points with a particularly strong influence on the overall model, influence points were calculated as delta deviance (ΔD i ) values. In this context, the ΔD i statistics determines the change in the deviance goodness-of-fit statistic of the logistic regression model if a particular data point is omitted from the model. This Non-metric multidimensional scaling (NMDS) and cluster analysis were performed to detect overall patterns in the data. For this purpose, every trapping week was considered to be a single data point. Two distinct datasets were then analyzed. In the first, the number of animals per rodent species was listed for every trapping week. In the second, the number of rodents positive for one of the parasites (ascarids, F. glareoli, T. gondii, M. litteratus, T. martis) found in the trapping week was used. For the latter, rodents were considered positive for ascarids if the T. canis ELISA was positive or if any ascarid species had been detected by PCR. Both analysis were then conducted with identical methods. Initially, a dissimilarity matrix was calculated using a Bray-Curtis distance as implemented in the vegdist function (vegan 2.4-1 R package) including a double Wisconsin standardization. Then, NMDS was performed and plotted using metaMDS from the same package with default parameters. PERMANOVA (adonis function from the vegan package) were used to determine if there are differences in rodent or parasite communities among study sites or between urban and periurban sites. The minimum number of different clusters in the dissimilarity matrix for k-means clustering was identified using NbClust 3.0 and the Gap criterion [40] . Using this minimum number of clusters the k-means function with the Hartigan-Wong algorithm and 10 random starting points was used to assign every data point to a cluster. Finally, pairwise mid-p exact tests were used to identify if a rodent or parasite species was significantly more often represented in one of the clusters than in the others. All p-values were corrected for multiple testing using the Holm correction as implemented in p.adjust.
Results
Rodent species captured at the four study sites
In total, 257 rodents were captured and included in the study. None of the rodents trapped belonged to the genus Rattus. Animals that were released were chosen from the numbered traps according to random matrices. Six different species were trapped with A. flavicollis (n = 82) being the most frequent one followed by A. agrarius (n = 78), M. glareolus (n = 59) and low to very low numbers of A. sylvaticus (n = 25), M. arvalis (n = 11) and Microtus agrestis (n = 2). However, the species composition was very different for the various locations (Table 1) . For instance, A. sylvaticus was only found in Moabit and was almost the only species in this location (25 out of 26 animals). M. glareolus was found predominantly in the peri-urban sites Tegel (n = 44) and Gatow (n = 14) but was virtually absent in Moabit (n = 1) and absent in Steglitz.
Detection of Coccidia by PCR
Initially, DNA isolated from rodent brains was analyzed using an ITS-1 primer pair with broad specificity for all Coccidia, and it was positive for 34 animals. Sequencing revealed the presence of Frenkelia glareoli in all of these samples. It was detected in the present study not only in M. glareolus but also in a few A. flavicollis and one M. agrestis. S2-S7 Tables provide detailed data for Coccidia (and ascarids) for all host species, different age classes, sexes and study locations. Table 2 summarizes the results for Coccidia. Although most F. glareoli positive animals were found in the forests in Gatow and Tegel, the parasite also occurred rarely in the park in Steglitz, whereas the parasite was not found in the backyard in Moabit. Logistic regression analysis was conducted to determine the effects of rodent species or genus, location, sex and age group on the probability of detecting F. glareoli. Alternative models were calculated that either included the variable genus or the variable species but not both. Since age class and sex neither had a significant effect nor improved the statistical model in terms of a decreasing AIC, only models containing the explanatory variables species or genus and location are presented (S8 Table) . As a single variable, only the species M. glareolus (when all rodent species were considered) or the genus Myodes (when only genera were considered) significantly increased the odds to be positive for F. glareoli (p < 0.001) (Models 1 and 2 in S8 Table) . The inclusion of the variable location increased the AIC in the context of the variable species (Model 3 S8 Table) but decreased it when the variable genus was used. Due to the small number of animals in these groups, 95% CI were very wide for the genus Microtus (or M. agrestis and M. arvalis), for A. sylvaticus and for Moabit. The model involving species and location, further suffers from the huge influence of a single observation on the estimated parameters, i.e. the only M. glareolus trapped in Moabit and negative for F. glareoli. This was much better with the model involving only the rodent species. Odds ratios with 95% CI for M. glareolus and A. agrarius in the simple model including only species are shown in Fig 1A. Although the 95% CI arvalis, Microtus agrestis) describe apparent frequency and 95% confidence intervals of rodent species in this particular location. In the "Total" column, the number of rodents trapped in this study location to the total number of rodents trapped. In the row "Total", the number of rodents trapped from this species is considered in relation to the total number of rodents trapped. a Frequency at the particular study site b 95% confidence interval. for A. agrarius does not include an odds ratio of 1, the factor was not considered to be significant in the logistic regression analysis. A. sylvaticus and both Microtus species were omitted from the figure due to the very wide 95% CI. Only for M. glareolus the age of the animals was considered in more detail. Comparison of eye lens dry weight between animals negative and positive for F. glareoli revealed significantly higher values for positive animals ( Fig 1B) . In conclusion, the age of F. glareoli positive animals is significantly higher than the age of negative animals. Logistic regression for presence of F. glareoli in M. glareolus using only dry eye lens weight as explanatory variable also revealed a positive effect of increased eye lens weight (p = 0.01, odds ratio 2.81, 95% CI 1.27-7.67). Thus, for a 1 mg increase in dry eye lens weight the odds of being positive for F. glareoli increased by 2.81 fold.
Since the PCR with primers specific for all Coccidia did not detect any T. gondii infected animals, a second PCR was performed using a primer pair targeting a T. gondii-specific repetitive element in order to increase the sensitivity. This assay detected 12 T. gondii positive animals (4.7%) belonging to all species with exception of M. glareolus and coming from all four study locations ( Table 2 ). The logistic regression models summarized in S9 Table include the variables genus and location since the variables sex and age class increased the AIC and no significant differences could be detected when species was combined with location due to the low number of positive animals for individual species. Odds ratios for the models including only the variable genus (with the lowest AIC) and with genus and location are shown in Fig 1C and  1D . McFadden pseudo-R 2 values were low for both models (0.15-0.18) and for the model assuming only an effect of the genus. Calculation of influence points revealed that the Apodemus mice positive for T. gondii had the strongest effects on estimation of parameters but influence points were below 7 for all observations. For Microtus spp. the chance to be positive for T. gondii was increased by approximately 9.8-fold (p<0.001) compared with Apodemus. For Myodes, the odds ratio could not be calculated reliably by logistic regression since no positive animals were detected. Mid-p exact tests revealed that the difference in T. gondii prevalence rates between Myodes and Microtus were significant (p < 0.001) while the difference between Myodes and Apodemus was not significant (p = 0.11). If the genus and the study location were both considered as explanatory variables, the odds ratio for Microtus to be positive in comparison with Apodemus even increased from 9.8 to approximately 20. A single, T. gondii positive Apodemus trapped in Gatow had an influence point of 8.98, all other observations had influence points below 7, most of them much lower. Detection and molecular identification of metacestodes
In the body cavity of six rodents (three M. glareolus, one A. agrarius, one A. flavicollis and one M. arvalis), tetrathyridia larvae were found. Two of the animals were from Tegel, two from Steglitz and two from Gatow. An ITS-2 PCR followed by sequencing identified all these larvae as M. litteratus. Taeniid metacestodes or tissue alterations that were suspected to be lesions due to the presence of E. multilocularis were subjected to a PCR with primers amplifying the ITS-2 or a subfragment of the mitochondrial small rRNA gene of plathelminthes or by an E. multilocularisspecific PCR. Of the six liver lesions suspected to be E. multilocularis, none was positive for flatworm DNA in any of the PCRs.
Taeniid metacestodes were found in five animals, two M. glareolus (from Gatow and Tegel), one A. agrarius (from Steglitz) and two A. flavicollis (from Steglitz and Gatow). Sequencing of the ITS-2 (accession-no. KT943418-KT943421) revealed 74% identity to Taenia crassiceps, most likely representing a closely related tapeworm whose ITS-2 sequence has not been deposited in GenBank yet. The ITS sequences were very similar to each other (94-96% identity) but there were also 8 gaps of 3-15 bp in the alignments. Amplification and sequencing of a mitochondrial 12S rRNA gene from three samples (accession-no. KT943414-KT943416) revealed 99% identity between the three samples and two Taenia martis entries in GenBank. Therefore, the metacestodes were considered to belong to this species. Finally, in the liver of a M. glareolus from Tegel at least 10 specimens of a third metacestode species were found which was microscopically identified as Cladotaenia globifera (Paruterinidae). ITS-2 and 12S RNA gene sequences for these metacestodes were determined and deposited in GenBank under the accession no. KT943422 and KT943417, respectively.
Ascarid detection by PCR and ELISA
For the detection of ascarids by PCR, DNA from skeletal muscle and brain tissue of all 257 rodents, were used as template, and animals were considered positive if one of the PCRs was positive. Eight animals (three M. glareolus, two A. flavicollis, two A. agrarius, and one A. sylvaticus) were positive for T. canis: six in the PCR using muscle and two (one A. flavicollis, one A. agrarius) in the PCR using brain DNA but none of them in both PCRs. This corresponds to an estimated prevalence of 3.1% (95% CI: 1.6-6.0%) for all rodent species together. In four (two A. agrarius, one A. flavicollis and one A. sylvaticus) and one (A. flavicollis) of the skeletal muscle DNAs T. cati and Parascaris sp. DNA were detected, respectively. This corresponds to prevalence rates of 1.6% (95% CI: 0.6-3.9%) and 0.4% (95% CI: 0.1-2.2%). ELISA was more sensitive than PCR and detected antibodies against T. canis in 34 animals (prevalence 14.2%; 95% CI: 10.3-19.1%) (see Table 3 for individual rodent species and study locations). Sera from seven out of eight animals positive for T. canis in PCR were also positive for Toxocara in ELISA while none of the T. cati or Parascaris spp. positive animals reacted in the T. canis ES antigen ELISA.
Logistic regression analysis was performed using the T. canis ES antigen ELISA data since so few positive animals were found by PCR. Again, the variables rodent species or genus, location, sex and age group were initially considered to explain the distribution of positive animals. However, inclusion of age severely increased the AIC and was therefore not further considered. Models using the explanatory variable rodent species or genus with or without location or only location are summarized in S1 Information and S10 Table. In some models, inclusion of the sex slightly decreased the AIC but LRT comparing nested models did not show a significant improvement of the models and sex was therefore not included. When considered separately, the variables species and location had a significant influence on the odds to be positive for T. canis with A. sylvaticus and A. agrarius having about 3.5fold higher odds (p < 0.001 and p < 0.01, respectively) than A. flavicollis and with Moabit and Steglitz having odds ratios of 10.4 and 7.3 (p<0.01) compared to Gatow (Fig 2A) . If only the variable genus was included in the model, the AIC of the model was 183.23 and Myodes had a significantly lower odds (decreased by approximately 5.6 fold) than Apodemus (p = 0.02) (Fig 2B) . Inclusion of the study site did improve the AIC (180.22) but in this combination only the parameters Moabit and Steglitz had a significant influence on the odds (Fig 2C) suggesting that the study location is more important than the rodent genus although both variables are strongly collinear. However, Wald tests for the significance of the variables study location and rodent genus revealed non-significant influences on the probability to detect T. canis antibodies (i.e. 0.75 for genus and 0.074 for study site). The pseudo-R 2 for this model is also quite poor (0.11) and a LRT comparing these two models revealed that the model with the parameters genus and study location was not significantly better than the model containing only the parameter location (p = 0.28). In contrast, this model was significantly better than the model considering only the variable genus (p = 0.011).
Observed co-infections
In a few cases, co-infections were detected in the study population. One M. glareolus from Tegel was heavily triple infected and hosted 512 M. litteratus metacestodes, one T. martis and more than 10 Cladotaenia globifera (Table 4) . Among the animals positive for T. canis in the ELISA, two and one were also positive by PCR for F. glareoli or T. gondii, respectively. Another two animals were positive for both, M. litteratus and F. glareoli and one animals was positive for T. cati and M. litteratus. One of the T. martis positive animals was also positive for F. glareoli. Details are provided in Table 4 .
Fig 2. Odds ratios with 95% confidence intervals for variables determining the risk for detection of antibodies against
Toxocara canis. Logistic regression was conducted using the variables study location (A), rodent genus (B) and a combination of both (C). Reference categories were Apodemus for genus and Gatow for study location. The odds ratios for the genus Microtus were 1.1×10 −7 in both models in (B) and (C) but are not presented since antibodies against T. canis were not found in any sample from this genus and the very wide 95% confidence intervals. *, p < 0.05; **, p < 0.01.
Non-metric multi-dimensional scaling and cluster analyses Fig 3A shows a plot of NMDS for the rodent data. PERMANOVA revealed significant differences between individual study sites as well as between urban and peri-urban sites (p < 0.001). The minimum number of k-means clusters identified in the data was 3 and clusters were marked in the NMDS plot in Fig 3A using differently colored ellipses. Cluster 1 contains all data points from Steglitz as well as a few data points from Gatow and Tegel. This cluster is characterized by a significantly higher abundance of A. agrarius (p<0.05 vs. cluster 2 and 3 in a mid-P exact test) and the absence of M. glareolus (Fig 3B) . Cluster 2 contains most of the data points from Gatow and Tegel. NMDS shows that this cluster is relatively close to and thus similar to cluster 1 (Fig 3A) but it is discriminated from the latter by a high abundance of M. glareolus (Fig 3B) (p<0.01 vs. cluster 1 and 3) . Both cluster 1 and cluster 2 share a high abundance of A. flavicollis (Fig 3B) (p<0.01 vs. cluster 3) . Cluster 3 contains all data from Moabit and it has a large distance to the other two clusters in the NMDS plot (Fig 3A) . The cluster is characterized by the fact that A. sylvaticus was exclusively found here (p<0.01 vs. cluster 1 and 2) and was nearly the only rodent species that was identified here (Fig 3B) .
The complementary analysis using the parasite data is shown in Fig 3C. Again, parasite diversity differed between individual study sites as well as urban and peri-urban sites (PER-MANOVA, p < 0.001). In comparison with the rodent data, only two clusters could be identified. The first cluster A contains most of the peri-urban data from Gatow and Tegel with two exceptions from Gatow. This cluster is characterized by a low abundance of ascarids and a high abundance of F. glareoli (both p<0.01 in a mid-P exact test vs. cluster B). The second cluster B contains all the data from the urban sites Moabit and Steglitz plus the remaining two data points from Gatow. This cluster reveals high abundance of ascarids and low abundance of F. glareoli. The other parasites (T. gondii, M. litteratus and T. martis) were found only in small numbers but also in both clusters and did not contribute to this pattern. In this cluster, two points (Gatow 3 and Steglitz 2) can be considered as outliers. In these trapping weeks neither ascarids nor F. glareoli were identified. The only parasites that were found in these trapping weeks were tapeworms. The other data point from Gatow (G8) which was assigned to the cluster B represents a trapping week in which two of the five ascarid positive rodents from periurban sites were found. It also contributes two of the four F. glareoli positive rodents to cluster B. The other two were found in Steglitz in trapping action 1 (S1), a dataset which also contains 3 ascarid positive rodents and which is located at a very similar position in the NMDS plot as G8. Datasets G8 and S1 can be considered to have an intermediate position between both clusters.
Discussion
Rodent-borne zoonotic diseases impose a substantial health threat to pet animals and humans [4, 5] . Parasites of cats and dogs with rodent reservoirs are associated with particular additional risks due to the close contact between companion animals and their owners. From this point of view it can be viewed positive that the parasite most frequently identified in this study uses birds of prey as definitive hosts and is of no relevance for human or companion animal health. Nevertheless, there was a considerable number of rodents positive for important zoonotic pathogens including T. gondii and Toxocara spp. Moreover, the fact that the latter was more often identified in urban than peri-urban settings suggests that anthropogenic influences can facilitate transmission of this parasite.
The assays performed to detect Coccidia were planned with T. gondii as the focus parasite. Since cysts of these parasites are predominantly found in neuronal tissues, only DNA isolated from brain tissue was analyzed and Sarcocystis species were largely excluded by this study design. The parasite with the highest prevalence found in this study, F. glareoli, is known to circulate between bank voles and common buzzards (B. buteo). In the present study it was not only found in bank voles, its most important intermediate host, but also in a few Apodemus mice. This is not too surprising since Frenkelia species are known to be not strictly specific regarding their intermediate hosts. In a large study examining brains of 1760 small rodents from the Czech Republic microscopically, Svobodova et al. [41] identified one F. glareoli positive Apodemus (n = 654). However, the vast majority of brain cysts in Apodemus spp. represented Frenkelia microti, which also infects common buzzards as definitive hosts. F. microti was also found in three M. glareolus (n = 486). In contrast, Fichet-Calvet et al. [42] did not (1) (2) (3) (4) (5) (6) (7) (8) . Rodents were considered to be positive for ascarids if the T. canis ELISA was positive or any ascarid species was detected by PCR. For every trapping week, the number of rodents of a particular species or the number positive for a particular parasite was used to calculate a Bray-Curtis dissimilarity matrix followed by NMDS. The matrix was used to identify the minimum number of k-means clusters which were indicated on the NMDS plots using ellipses of different colors. (B) Clusters were analyzed for differences in the proportions of particular rodent or parasite species (species relative to total number in that cluster) using mid-P exact tests. Numbers with different indices in the same column indicate significant differences (p<0.01) while identical indices indicate non-significant differences (p>0.05).
doi:10.1371/journal.pone.0172829.g003 detect F. microti in any of 311 Apodemus spp. collected in France, whereas four were positive for F. glareoli. F. microti was most prevalent in M. arvalis and M. agrestis but it was also found in three M. glareolus (n = 367). In summary, F. glareoli showed a much higher prevalence in M. glareolus as intermediate host than in other rodents in all three studies. However, its occurrence in other species varied considerably between studies. This variation is presumably due to unrecognized differences between study sites. The fact that no F. microti were detected in rodents collected in Berlin might be explainable by the low number of Microtus spp. that were trapped. Differences in the methodology (microscopic examination vs. PCR) also cannot be excluded to contribute to this difference, in particular since no ITS-2 sequence has been deposited in GenBank for F. microti.
The PCR targeting a T. gondii-specific repetitive element identified a low number of 12 positive samples with significantly increased odds of Microtus spp. to be positive compared to Apodemus. However, due to the low number of Microtus animals included in the study, the validity of this finding should nevertheless be interpreted with care when comparing with the results of other studies. Herrmann et al. [43] have recently analyzed rodents from the Western part of Brandenburg, close to the border with Saxony-Anhalt, less than 90 km away from the nearest trapping site in the present study (Gatow) . Among the 72 rodents tested in their study (69 M. arvalis) , none was positive in an immuno-blot assay using purified native TgSAG-1 surface protein as target or in the same PCR used here. The lower prevalence observed by PCR might be due to important differences in the ecological systems the rodents were obtained from (rural area with low population density vs. urban or peri-urban area) but the use of different sources of DNA (heart vs. brain tissue) presumably will also contribute to such differences. Very recently, T. gondii and N. caninum were found to be present in house mice (Mus musculus) at the Czech-German border in low prevalence rates of 0.6% and 3.6%, respectively [44] . In the UK, 3% of the house mice were found to be positive for N. caninum while 53% contained T. gondii DNA and in rats, prevalence rates of 2% and 42.2% were reported, respectively [45] . Meerburg et al. [46] analyzed more diverse species of rodents and found T. gondii exclusively in house mice and bank voles while N. caninum was also found in wood and harvest mice. However, the number of animals investigated per individual host species was low (between three and 24) with the exception of house mice (n = 78). Therefore, quantitative interpretation of these data is difficult.
Herrmann et al. [43] compared PCR analysis with immunoblot analysis using recombinant TgSAG-1, and analyses of samples from foxes revealed that the immuno-blot assays were considerably more sensitive than the PCR. Using a commercially available tachyzoite antigen preparation as target, Reperant et al. [47] had found 2.5 and 5% of A. flavicollis and M. arvalis captured in the canton Geneva (Switzerland) to be positive for T. gondii, respectively. Over all host species, seroprevalence rates varied considerably between study sites (2.9-17.2%). Due to considerations regarding animal welfare, serum samples had to be collected after euthanasia in the present study, resulting in smaller volumes of serum. This fact did not allow performing immuno-blot analyses since only small amounts of serum were left after the ELISA for T. canis had been performed. All attempts to obtain reliable results with the ELISA described by Reperant et al. [47] unfortunately failed. Therefore, no comparison to results reported in the literature is possible. However, low prevalence rates for T. gondii were also observed for M. arvalis (0.7%) and A. terrestris (4.7%) in a study in Vorarlberg (Austria) [48] , although the PCR used was presumably less sensitive since it does not target a repetitive element. Using a nested PCR amplifying a fragment of a single-copy gene (SAG-1), much higher prevalence rates were described in the UK (Manchester) in M. musculus (53%) and Rattus norvegicus (42.2%) in an urban area [45] . Using the same detection approach, a comparably high prevalence of 40.8% was reported for A. sylvaticus in an area with low cat density suggesting that the contribution of vertical transmission to the epidemiological status of a rodent population may not be negligible [49] .
Regarding cestode larvae, it is most important to emphasize that no E. multilocularis were detected in any of the samples. Since Staubach et al. [50] reported an E. multilocularis prevalence of 2.4% in foxes in an area of Brandenburg only approximately 60-100 km north-west of Berlin, it is well known that this parasite is endemic in the surrounding area. Remarkable increases in E. multilocularis prevalence rates in foxes have been reported for Saxony-Anhalt (13.6% between 1998 and 2005 to 23.4% from 2006 to 2010) [51] and Thuringia (11.9 to 42% between 1990 and 2005) [52] . The fact that no E. multilocularis were detected in intermediate rodent hosts in the urban area of Berlin suggests that it is either absent or only present in low prevalence. This might appear surprising given the high fox densities but is at the same time of course good news for public health. Unfortunately, no published data is available regarding E. multilocularis prevalence in foxes in Berlin. However, this is in agreement with information provided by local authorities involved in fox monitoring. Due to the rapid increases observed in other eastern German states, dense monitoring schemes should nevertheless be considered to determine future changes since the currently only spotted distribution of this parasite might soon lead to a generally endemic situation. Moreover, it should be emphasized that it is apparently difficult to detect metacestodes in rodents even in regions with high prevalence of E. multilocularis [53] .
The cestodes T. martis, which uses mustelids as definitive hosts, and M. litteratus, a parasite of foxes and rarely also of dogs and cats, are known to be widely distributed in central Europe and to use rodents as intermediate hosts. M. litteratus has previously been shown to be highly endemic in central Europe. In particular, it has been described to occur in more than 40% of red foxes in the Slovak Republik [54] and larval stages have been found in rodents of the species A. agrarius and M. glareolus [55] . T. martis has recently been considered to be an emerging infectious disease since it has been recognized to rarely cause infections of the eye and the brain in humans [56, 57] and to cause severe to fatal infections in non-human primates [58, 59] . The ITS-2 sequences obtained from four specimen here show a remarkably high diversity. Further molecular studies are required to determine if these genotypes prefer different intermediate or definitive hosts. More remarkable than the fact that these two parasites were found, is the fact that larval stages of typical cestodes of dogs and cats such as T. crassiceps and Hydatigera taeniaeformis were not found at all which is in contrast to the results obtained by Reperant et al. [47] .
Using PCR, three ascarid species were detected, one of them surprisingly being Parascaris, the horse roundworm. Since its definitive host is herbivore, paratenic hosts should not be of any epidemiological importance but apparently Parascaris larvae are able to migrate in such dead-end hosts. Expectedly, all T. cati were detected in muscle tissue but the fact that more muscle than brain samples were positive for T. canis is in contrast to the reported tissue tropism in laboratory mice [60] . In the definitive host, hypobiotic T. canis larvae are also predominantly found in muscles [6] suggesting that the distribution in house mice and Apodemus and Myodes might differ as already known for rats and gerbils [60] . Due to the low number of positive animals in the present study and the fact that none of them was positive in both, brain and muscle, these results can only be a first hint that wild rodents might differ in larval migration patterns from commonly used laboratory models and experimental infections would be needed to address this aspects more thoroughly. It is furthermore noteworthy to mention that none of the samples was positive for Baylisascaris procyonis, the racoon roundworm, which can cause severe neurological disease in humans [61] .
ELISAs using T. canis ES antigen have been used several times to determine seroprevalence in rodents and definitive hosts such as foxes. In general, this ELISA is not considered to be very specific. Despite the fact that it shows no or little cross-reactivity with Ascaris suum and Toxascaris leonina [62, 63] , some level of cross-reactivity between T. canis and T. cati can be expected and cross-reactivity to Toxocara vitulorum and B. procyonis has to the knowledge of the authors never been addressed. However, the fact that none of the four mice positive for T. cati was detected as positive in the ELISA while 7 out of 8 T. canis PCR-positive mice were also positive in the ELISA suggests a certain specificity. Recent attempts comparing recombinant ES antigens from both Toxocara species also showed considerable cross-reactivity [64, 65] and initial experiments using monoclonal antibodies raised against T. canis antigens in a capture ELISA to detect circulating larval antigens showed high specificity (100%) but only low sensitivity (31%) to detect human toxocarosis [66] . The overall seroprevalence of 14.2% observed in Berlin is quite high in comparison to what has been described in other studies in central Europe. For instance, Reperant et al. [47] found 6.5% positive animals in Switzerland. In two studies from the Slovak Republic, 6.4 and 7.7% seroprevalence rates were reported [28, 67] . The distribution of seropositive samples regarding host species was very different between these studies. While in Switzerland similar prevalence rates (approximately 5-7%) were observed for all species trapped, Antolova et al. [67] found a significantly higher prevalence in A. agrarius (15.9%) compared with all other rodents species (0-3.5%). Recently, Antolova et al. [28] detected high prevalence rates in A. agrarius (10.9%) and Mus spicilegus (11.2%) while rates of seropositivity were much lower in A. flavicollis (4.2%) and M. glareolus (3.6%). They found that granivores (Apodemus, Mus, Micromys) or insectivores had a higher risk of being exposed to Toxocara than herbivorous species (Myodes, Microtus). In a previous study, the same group had shown that prevalence in rural areas was almost half of that observed in suburban environments [67] . In the present study, very large differences in species-specific prevalence rates were recorded (range 0-33%). However, these differences were not significant in logistic regression analysis due to the strong co-linearity of the factors study location and host species. Considering only the host genus, rodents from the locations in Moabit and Steglitz had significantly increased odds of being positive for T. canis in the ELISA. Similar to what was observed in Berlin, two previous studies detected a higher chance to be seropositive for antibodies against T. canis ES antigens in urban compared to peri-urban or rural areas [47, 67] .
NMDS and cluster analyses were used to detect overall patterns in the data. There were highly significant differences among study sites as well as between urban and peri-urban sites for both, rodent and parasite communities. More interestingly, cluster analysis identified three clusters in rodent data whereas only two clusters were identified in parasite data. Rodent data showed a relatively close proximity between three study sites and the peri-urban sites in Gatow and Tegel and the urban site in Steglitz were close together in the NMDS plot. Cluster 1 contained data from all these three sites while cluster 2 contained only data from Gatow and Tegel, i.e. all data points when M. glareolus was present. Structuring of parasite data was obviously not dominated by rodent species since this would have caused a very similar structure as observed for rodent data. In contrast, only two major clusters were observed that largely corresponded to peri-urban and urban sites. The two most frequently detected parasites/parasite groups showed highly significant differences between these clusters. While the predominantly urban cluster was characterized by a high abundance of ascarids, the peri-urban cluster revealed a high abundance of F. glareoli. The latter can be easily explained by the fact that the bank vole as most important intermediate host was virtually absent in urban trapping sites. However, differences in the abundance of the definitive host, the common buzzard, between peri-urban forests and the highly urbanized city center might also contribute to this gradient. The parasite group that was particularly typical for urban sites were ascarids. This is somewhat astonishing since most of the positive rodents were detected positive in a T. canis ELISA while the park in Steglitz was not accessible to pet dogs. However, two foxes were observed during the study period at this site demonstrating that the park is accessible to foxes. There is presumably a dense fox population in Berlin although no data have been published so far. Comparisons between urban and peri-urban sites regarding fox densities are also missing. In Zürich, however, it has already been shown that urban fox populations can have substantially higher densities than populations in surrounding periurban or rural/sylvatic areas [1, 37] . Another explanation for this significant difference might also be that ascarid eggs are extremely common in urban areas with high densities of dogs and cats. Modelling approaches identified either young dogs or stray cats as main sources of contamination with only marginal contribution from foxes [68, 69] . High numbers of eggs might lead to a spill-over of eggs even into areas where dogs have no direct access, e.g. by passive transport with surface water, soil or human shoes. The fact that one can currently only speculate regarding the driving forces for the local differences in parasite communities including important zoonotic agents such as Toxocara spp. particularly emphasizes the current knowledge gaps.
In conclusion, several zoonotic parasites were detected in wild rodents in Berlin even in densely populated city areas. However, E. multilocularis, probably the most dangerous zoonotic agent transmitted between foxes (as the most relevant wild carnivore) and rodents as intermediate hosts, were not detected in the present study. In a park where dogs do not have access, prevalence rates of zoonotic parasites in rodents were not lower than in the other study areas. Toxocara spp. was the most frequently identified zoonotic parasite in the study. Since several zoonotic parasites, causing neglected or emerging diseases, have been detected in the current study, increased surveillance is clearly warranted. 
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